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ABSTRACT - Objective: Diabetes Mellitus (DM) is a global concern with a high prevalence among the Saudi popula-
tion. Uncontrolled diabetes is associated with serious medical complications and an increase in mortality and morbidity.
Vitamin D deficiency may have the potential to decrease insulin sensitivity and alter lipid metabolism. This study aimed
to assess the impact of vitamin D supplements on glycemic control and lipid profile among individuals living with diabetes
in Saudia Arabia.

Materials and Methods: This retrospective study recruited 254 individuals with diabetes. The medical records were
searched for age, gender, HbA1c, fasting blood glucose (FBG), Vitamin D and lipid profiles. The population records were ex-
tracted in two intervals: before taking vitamin D supplements and three months after receiving supplements. Paired t-test
and confidence intervals were used to compare HbA1lc, FBG, vitamin D, and other extracted variables between intervals.
Vitamin D levels were compared between genders in each interval.

Results: The supplementation of vitamin D leads to improvement in vitamin D from a mean of 45.4 to 65 (normal
reference range 50-150). Supplementation of vitamin D showed significant improvement in HbAlc, FBG, all parameters of
lipid profile, renal and liver function and hemoglobin (p < 0.001) when t-test was used and confidence interval calculated.

Conclusions: Vitamin D plays a potential role in insulin sensitivity and lipid metabolism. Therefore, maintaining opti-
mal level of vitamin D through its supplements or sun exposure might help to improve heath and decrease complications
especially in individuals with diabetes.

KEYWORDS: Diabetes, Type 2 diabetes, HbAlc, Vitamin D, Supplement, Sun exposure, Vitamin D deficiency, Saudi Arabia.

®®) This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License

[

248


https://creativecommons.org/licenses/by-nc-sa/4.0/

Vitamin D replacement

—)

!
4

~
N

Normal plasma Vitamin D level

Improvement of HbA1c and lipid profile

ek

o
1

w
1

w
1

Mean level of HbATc % (£SD)
o
Mean levels of TG and TC
mmol/L (+SD)
o -~
L

0 T

=1

ark

| &

Mean levels of LDL and HDL
mmol/L (+SD)
w
L

H
LB

&
%é\e

bk
. i
£

2- I
14
T 0 T
™

& 9

W
N ¥

Graphical Abstract. Vitamin D supplements improve glycaemic control and lipid profile in individuals living with diabetes.

****p-value <0.001; **p-value <0.01.

INTRODUCTION

The burden of Diabetes mellitus (DM) is well
recognized across the globe, and this is likely due
to an exponential increase in prevalence of type
2 diabetes. The increase in the prevalence of
obesity has been accompanied by a rise in met-
abolic dysfunction-associated steatotic liver dis-
ease (MASLD), a spectrum of liver conditions that
includes simple steatosis and metabolic dysfunc-
tion-associated steatohepatitis (MASH). This con-
dition can be associated with insulin resistance
and lead to an increase in prevalence of type 2
diabetes?. According to the International Diabetes
Federation (IDF), the number of individuals with
diabetes will increase by 51% by the year 20453,
Therefore, it is not surprising that the prevalence
of DM in Saudi Arabia was 17.7% in 20213#. Such
increase in the prevalence of diabetes will put
more pressure on Saudi Arabia health system,
especially at primary care level.

In addition, a recent systematic review and
meta-analysis® revealed a high prevalence of type
2 diabetes in Saudi Arabia, with a pooled prev-
alence of 16.4% (95% Cl: 11.6-17.5) based on a
total pooled population of 258,283. In addition,
the study showed variation in diabetes preva-
lence in different geographical location of the
Kingdom of Saudia Arabia, but higher prevalence
among the older age groups®. Importantly, uncon-
trolled diabetes is associated with serious medical
complications and an increase in mortality and
morbidity, such as an increase in cardiovascular
disease, diabetic retinopathy, diabetic nephropa-

thy, stroke and peripheral vascular disease®. Poor
adherence to diabetes medication is recognized
as one of the reasons behind a high prevalence
of poor diabetes control, and this is recognized
as a common problem globally’. Vitamin D, be-
sides its role in calcium and bone homeostasis,
was shown to have a potential impact on the
optimization of diabetes control and prevention
of some diabetes complications?. In addition, the
associations between vitamin D deficiency (< 50
nmol/L) and alterations in blood glucose and
insulin levels were reported®®. For instance, Abu-
kanna et al® showed that three studies demon-
strated that vitamin D deficiency (VDD) was a
significant risk factor for developing T2DM, and
one reported that it increased insulin resistance.
However, they also showed that VDD did not
affect the incidence of T2DM and the insulin
sensitivity or glycated hemoglobin (HbA1lc) levels
in patients with T2DM®. Zhang et al*® showed
that oral vitamin D supplementation in individuals
with prediabetes improved fasting insulin, blood
glucose, and HbAlc levels. Moreover, long-term
supplementation may help improve insulin resis-
tance. Therefore, correcting vitamin D deficiency
may help in reducing the prevalence of T2DM or
at least improve glycemic control in individuals
with diabetes. Importantly, Dadon et al'! showed
that no strong evidence was found to support
the fact that vitamin D replacement may help in
optimizing glycemic control in type 1 diabetes.
The study by Dadon may raise questions about
whether vitamin D is necessary in preservation
of pancreatic insulin secretions, and whether in-



250 A ALQADIE. ALMODYAN, M.N. ALANAZI, 5.5 ALGHAMDI, M.H. AHMED, S. BADI, A.s. A_LGHA.I'.VIDI 3

sulin itself may be a prerequisite for vitamin D to
maintain the function of B-cell in the pancreas'!.
However, the following studies showed that VDD
in individuals with type 2 diabetes can be asso-
ciated with poor glycemic control, hypertension,
increase level of plasma uric acid and increase in
the risk of diabetes complications. For instance,
Albai et al*? showed that low vitamin D can be
associated with poor glycemic control, hyperten-
sion, diabetic neuropathy, cardiovascular disease
and increased risk of dementia and cancer.

Several studies showed an association of vita-
min D deficiency with an increase in plasma uric
acid level, dyslipidemia and diabetic nephropa-
thy*?> In a systematic review and meta-analysis
of 13 studies which included 3,850 control group
and 1,797 as exposure group, Ighrammullah et
al*® showed that that serum vitamin D level was
significantly lower in patients with diabetes and
cardiovascular diseases. The authors concluded
that low vitamin D status can be regarded as a risk
factor for cardiovascular disease which needed
to be monitored®®. Other scholars also suggested
that the protective mechanism of vitamin D sup-
plement is mediated through potential impact
on gut microbiota profile as vitamin D may have
prebiotic properties?’.

Alotaibi et al'® showed that low vitamin D was
associated with high HbAlc, LDL-cholesterol and
lipid profile in Saudi population. Importantly, in
previous studies, vitamin D deficiency was found
to be associated with dyslipidemia. For instance,
Lu et al*® in a systematic review and meta-anal-
ysis of 20 randomized controlled trials, showed
that vitamin D supplementation significantly im-
proves serum high-density lipoprotein (HDL) and
triglyceride (TG) levels, but does not improve
low-density lipoprotein (LDL) or total cholesterol
(TC) levels. An umbrella review of 25 meta-anal-
yses by Radkhah et al?® showed that vitamin D
significantly decreased TG and TC levels and in-
creased HDL levels. In the weighted mean differ-
ence analysis, vitamin D replacement significantly
decreased only TG. The authors concluded that
vitamin D supplementation could be considered a
beneficial adjuvant therapy in managing lipid pro-
file levels, especially in individuals with vitamin D
deficiency®. The impact of vitamin D can be more
significant in overweight and obese individuals.
For instance, in a previous study?!, vitamin D de-
ficiency was associated with higher levels of TG
and TC and tendency towards an increased level
of LDL and decreased HDL plasma level.

This is likely due to extremely high tempera-
tures in most parts of Saudi Arabia, which lead
to reduced sun exposure as people stay indoors
and rely heavily on-air conditioning. Interestingly,
plasma vitamin D levels in the Saudi population

were found to be higher in winter than in sum-
mer?223, Therefore, it was recommended to main-
tain adequate vitamin D intake through the year.
The geographical variation in vitamin D across the
Saudia Arabia may represent another reason to
conduct different population studies, in order to
help health authorities to achieve the best health
strategies. In this study, we aimed to assess the
effect of vitamin D supplement on diabetes bio-
markers such as HbAlc and fasting blood glucose
(FBG), and on other blood biomarkers in individ-
uals with T2DM and vitamin D deficiency?*. Prior
studies have reported conflicting or inconclusive
findings; by conducting this study in our local
patient population, we aimed to provide novel
insights that could help resolve the uncertainties
surrounding the use of vitamin D as potential
adjuvant therapy for managing individuals with
diabetes.

MATERIALS AND METHODS

Study setting and design

This was a descriptive retrospective hospi-
tal-based study that included 254 participants.
The study population was individuals with diabe-
tes mellitus suffering of vitamin D insufficiency.
The records of the participants were obtained
between December 2021 and July 2022 at the
Security Forces Hospital in Riyadh, Saudi Arabia.

Inclusion criteria

— Both genders.

Age > 18 years.

Individuals with T2DM.

Individuals with vitamin D insufficiency.
Individuals who received vitamin D supple-
ments for at least three months with no change
in their antidiabetic medications. We want-
ed to ensure that vitamin D supplementation
was the primary factor driving any observed
changes in glycemic control, rather than po-
tential confounding effects from adjustments
to antidiabetic medications. By requiring a
minimum 3-month period of stable antidia-
betic therapy during the intervention, we can
be more confident that improvements in out-
comes, if observed, are attributable to the vi-
tamin D supplementation rather than changes
in concurrent treatments. Furthermore, given
the chronic and progressive nature of type 2
diabetes, it is not uncommon for patients to
experience adjustments to their antidiabetic
regimens over time, even in the absence of
any new interventions. By focusing on stability
during the study period itself, we believe we
can better isolate the specific effects of vita-



© 251 4VITAMIN,D'AND‘GLYCEM'IC/-.\_NDLiPIDCONT-FiOL’ :

min D supplementation, which is the primary
objective of our research. This approach aligns
with the primary objective of our study, which
is to evaluate the specific impacts of vitamin
D supplementation on glycemic control and
other cardiometabolic parameters such as lip-
id profile. Maintaining stable antidiabetic and
lipid lowering medication management during
the intervention period helps us better isolate
the effects of vitamin D intervention, which is
the key focus of our research.

Exclusion criteria

— Age < 18 years.

— Non-Saudi ethnicity.

— Pregnant.

— Individuals with renal or hepatic disease.

Operational definition of

vitamin D insufficiency®®

— Severe vitamin D deficiency: < 25 nmol/Il or 10
ng/ml.

— Vitamin D deficiency: < 50 nmol/I.

— Optimum levels: should be above 50 nmol/I.

— The higher limit for optimum levels is 125 nmo-

I/1

Data collection and study variables

Data collection sheet was used to collect data
about on age, gender, weight, body mass index
(BMI), fasting blood glucose (FBG), glycated he-
moglobin (HbAlc), vitamin D, low-density lipo-
proteins (LDL), high-density lipoprotein (HDL), tri-
glycerides (TG), total cholesterol (TC), creatinine
(Cr), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), white blood cells (WBC),
red blood cells (RBC), hemoglobin (Hgb), hemato-
crit (Hct) and thyroid stimulating hormone (TSH).
Data was obtained from the electronic medical
records of the selected patients. All the above
information was collected for each participant in
two different times: in baseline (before receiving
vitamin D supplements) and after three months
of starting vitamin D supplements. Vitamin D
(D-Seul) 50,000lU was provided to the partic-
ipants. The entire study population was using
gliclazide and metformin.

Sample size and sampling method

All patients who met the selection criteria
during the study period were included, resulting
in a sample size of 254 participants.

Ethical approval

The study was approved by the Institutional
Review Board of the Security Forces Hospital
with protocol research number 23-649-13 on
22/6/2023.

Statistical analysis

Data analysis was performed using SPSS 27
(IBM Corp., Armonk, NY, USA). For the descrip-
tive analysis, mean + standard deviation (SD) was
presented for continuous variables; while counts
and percentages (%) were presented for the cat-
egorical variables. All continuous variables were
tested for normal distribution. Paired sample
t-tests were conducted to assess the differences
in collected data of blood biomarkers between
two different times (before and after receiving
vitamin D supplements), while an independent
sample t-test and One-Way ANOVA were used
to compare the average vitamin D level among
the demographics’ groups of study population at
baseline. McNemar test was used to determine
the association of the categorical variables before
and after receiving vitamin D supplementation
(50,000 units once weekly for 12 weeks). Pearson
correlation was used to determine if there is a
correlation between the participants’ weight and
vitamin D level. The statistical significance of all
tests was set at p < 0.05.

RESULTS

Baseline characteristics of the participants

This study included 254 patient records for
individuals with T2DM and vitamin D deficiency
who received vitamin D supplements for at least
3 months with no change in their antidiabetic
medications. 97 (38.2) patients were females and
157 (61.8) were males. The average age of the
participants was 56.2 + 8.12 years and 160 (63%)
of them were 40-60 years. The mean weight £ SD
of the participants at baseline was 80.4 + 12.4 kg,
and for BMI, it was 29.4 + 4.1 kg/m?2. 162 (63.8%)
of them were overweight, while only 12 (4.7%) of
participants were normal weight in accordance
with the guidelines of the World Health Organiza-
tion (WHO)?. An independent sample t-test and
One-Way ANOVA showed no significant differenc-
es in vitamin D levels among socio-demographic
groups. Interestingly, this excluded these factors
as confounding variables (Table ).

Vitamin D level, glycemic parameters and
lipid profile before and after receiving
vitamin D supplement

The mean vitamin D = SD level before receiv-
ing vitamin D supplement was 45.4 + 5.2 nmol/L,
while it was 65.5 + 5.2 nmol/L after receiving it.
Furthermore, the mean HbA1lc £ SD before receiv-
ing vitamin D supplement was 8.9 + 0.8 %, while
it was 7.8 £ 0.8% after receiving it. The mean FBG
before receiving vitamin D supplementation was
10.1 £ 1.5 mmol/L, while it was 8.9 + 1.5 mmol/L
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Table I. Baseline characteristics of the study participants (n=254).

. AHMED, 5. BADI, A.S, ALGHAMDI

Socio-demographic Total
characteristic Responses [Mean £ SD or n (%)] Vit D level at baseline p-value
Gender Male 157 (61.8) 456+5.1 0.246
Female 97 (38.2) 451+55
Age Mean (SD) 56.2+8.12 = 0.051
Age groups <40Y 12 (4.7%) 47127
40-60Y 160 (63%) 46.3+4.1
>60Y 82 (32.3%) 43.316.7
Weight (kg) Mean (£SD) 80.4+12.4 0.045* 0.480
BMI Mean (+SD) 294+41 = 0.054
BMI classifications Normal 12 (4.7%) 41.8+6
Over Weight 162 (63.8%) 45.7+5.2
Obese 80 (31.5%) 454 5.1

SD = Standard deviation, kg = kilo grams, Y = year, BMI = Body mass index, and n = number. *Correlation coefficient.

after receiving it. The mean LDL level was 4 £ 0.5
mmol/L before receiving vitamin D supplementa-
tion, while it was 3.5+ 0.4 mmol/L after receiving
it (Figures 1, 2, 3A and B, and Figure 4).

When the McNemar test was completed to
compare the vitamin D level, glycemic parame-
ters and lipid profile before and after receiving
vitamin D supplementation, we found that 247
(97.2%) out of 254 patients with vitamin D de-
ficiency at baseline achieved sufficient vitamin
D level (p<0.001). 1 (0.4) out of 254 patients
achieved controlled HbA1c after receiving vitamin
D supplementation. Regarding FBG, 25 (10.2) out
of 254 patients reached FBG controlled level after
receiving vitamin D supplementation. Further-
more, only 1 (0.4) out of 254 patients reached
controlled LDL level after receiving vitamin D
supplementation. Interestingly, 74 (55.6%) pa-
tients out of 103 patients with uncontrolled HDL
obtained controlled HDL after receiving vitamin
D supplementation while 86 (34.7%) patients out

of 248 patients with uncontrolled TC obtained
controlled TC after receiving vitamin D supple-
mentation (Table I1).

Comparisons of all parameters
investigated before and after receiving
vitamin D supplement

A pairwise comparison using paired sample
t-test showed that the mean vitamin D level was
increased by +19.6 nmol/L after receiving vitamin
D supplementation revealed statistically signifi-
cant result (Cl, 19.1- 20.1, p < .001). Furthermore,
the mean HbAlc decreased by -1.05% after receiv-
ing vitamin supplementation, [Cl, -(1.01-1.08)%,
p < 0.001]. In addition, the mean difference in
FBG level before using vitamin D supplement
and after using it was -1.2 mmol/L, where the
level was significantly lowered [CI, -(1.1-1.3), p <
0.001]. Unfortunately, all participants (100%) in
the pre-intervention period had poor glycemic
control (HbAlc 2 7%), according to the criteria of
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Figure 1. Comparison of the average level of vitamin D level
(£SD) among the participants before and after receiving vi-
tamin D supplement (n=254). ****p-value <0.001; p-value of
less than 0.05 is considered statistically significant.

Figure 2. Comparison of the average level of HbAlc level
(£SD) among the participants before and after receiving vi-
tamin D supplement (n=254). ****p-value <0.001; p-value of
less than 0.05 is considered statistically significant.
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Figure 3. A-B, Comparison of the average levels (+SD) of lipid profile among the participants before and after receiving vitamin
D supplement (n=254). ****p-value <0.001; **p-value <0.01; p-value of less than 0.05 is considered statistically significant.
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Figure 4. Comparison of the average levels (£SD) of FBG level
among the participants before and after receiving vitamin
D supplement (n=254). ****p-value <0.001; p-value of less
than 0.05 is considered statistically significant.

the American Diabetes Association (ADA)%*. For
lipid profile biomarkers (LDL, HDL, TC, and TG),
mean differences in their levels before receiv-
ing vitamin D supplement and after were -0.45
mmol/L, +0.10 mmol/L, -0.37 mmol/L, and -0.37
mmol/L, respectively, with statistically significant
differences for each biomarker (p < 0.001). Sim-
ilarly, the levels of all other investigated blood
biomarkers was significantly different after taking
vitamin D supplement (their mean differences
were as follows: Cr: -3.8 umol/L, ALT: -3.4 U/L,
AST: -3.4 U/L, WBC: -0.28, RBC: +0.24, Hgh: +22.7
g/l, Hct: +0.039 L/L and TSH: +0.25 mIU/L) (p <
0.001) (Table 11).

DISCUSSION

This study showed that supplementation of
vitamin D was associated with potential improve-

Table Il. Exploration of the improvement of the vitamin D level, glycemic parameters and lipid parameters before and

after receiving vitamin D supplement among participants (n=254).

Total numbers of patients with
uncontrolled parameters before

Number of patients with

uncontrolled/parameters that got

receiving vitamin D- (N) controlled after receiving vitamin D - N (%) p-value
Vit D Level 254 247 (97.2) <0.001
HbA1c 254 1(0.4) -
FBG 254 25 (10.2) =
LDL 254 1(0.4) -
HDL 133 74 (55.6) <0.001
TC 248 86 (34.7) <0.001

Fasting blood glucose (FBG), glycated hemoglobin (HbA1c), Vitamin D (Vit D), low-density lipoproteins (LDL), High-density lipoprotein (HDL),

total cholesterol (TC).
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Table Ill. The comparison of blood biomarkers before and after receiving vitamin D supplement in individuals with T2DM.

95% Cl of the difference

Mean +SD Mean £ SD Mean SE

before after difference mean Lower Upper p-value
HbA1c% 8.910.8 7.8+0.8 1.052 0.016 1.019 1.08 <0.001
FBG mmol/L 10.1+1.5 8.9+1.5 1.18 0.039 1.109 1.26 <0.001
Vit D nmol/I 45.4+5.2 65+5.2 -19.58 0.258 -20.09 -19.07 <0.001
LDL mmol/L 4+0.5 3.5+0.4 0.45 0.017 0.417 0.48 <0.001
HDL mmol/L 1.2+0.2 1.3+0.1 -0.104 0.004 -0.11 -.094 <0.001
TG mmol/L 3.3+0.9 2.9+0.8 0.36 0.017 0.33 0.39 <0.001
TC mmol/L 5.710.4 5.4+0.3 0.37 0.014 0.34 0.39 <0.001
Cr umol/L 63.6+6.9 59.7+6.2 3.83 0.180 3.47 4.18 <0.001
ALT U/L 22.943.7 19.4+3.5 3.44 0.066 3.31 3.57 <0.001
AST U/L 22.2+3.5 18.8+3 3.40 0.081 3.24 3.56 <0.001
WBC 6.7+1.2 6.5+1.2 0.28 0.008 0.26 0.29 <0.001
RBC 4.7+0.5 4.91+0.5 -0.23 0.007 -0.25 -0.22 <0.001
Hgb g/L 132.2+8.8 154.9+8.1 -22.67 0.427 -23.5 -21.83 <0.001
Hct L/L 0.4+0.02 0.5+0.02 -0.03 0.001 -0.04 -0.037 <0.001
TSH mIU/L 2.9+0.5 3.1+0.5 -0.24 0.005 -0.25 -0.23 <0.001

Fasting blood glucose (FBG), glycated haemoglobin (HbA1c), Vitamin D (Vit D), low-density lipoproteins (LDL), high-density lipoprotein (HDL),
triglycerides (TG), total cholesterol (TC), creatinine (Cr), alanine aminotransferase (ALT), aspartate aminotransferase (AST), white blood cells
(WBC), red blood cells (RBC), haemoglobin (Hgb), haematocrit (Hct) and thyroid stimulating hormone (TSH). SD = Standard deviation, and SE

= Standard error.

ment in HbAlc, FBG, all parameters of lipid pro-
file, renal and liver function and hemoglobin (p <
0.001). In this study, we used HbAlc as a maker
for detecting glycemic changes before and after
vitamin D supplementation®?’. Vitamin D is linked
to the pathophysiology of T2DM; however, its ex-
act method of action is unknown. The synthesis,
resistance, sensitivity, and action of insulin are
all directly impacted by vitamin D?%3°, With these
actions, vitamin D contributes to the control of
the body’s glycemic state (HbAlc). Importantly,
it was shown that in a Saudi population, vitamin
D was inversely linked to HbA1lc and FBG levels®!.
Additionally, vitamin D typically has immunomod-
ulatory and anti-inflammatory properties®*33, Al-
Quaiz et al** reported that vitamin D deficiency
is considered as a risk factor for diabetes and
dyslipidemia. In our study, we found positive
effects for the vitamin D supplements on main
diabetic markers (HbAlc and FBG), and on all
other blood biomarkers investigated. This finding
indicates the potential importance of vitamin D in
controlling diabetes and its role in improving oth-
er blood biomarkers that are important in body
health. Abukanna et al® showed in a systematic
review different impacts of vitamin D on glycemic
control and lipid profile and that more research is
needed in this area. Our study supports the no-
tion that vitamin D supplement is associated with

improvement in glycemic control. The high level
of plasma Vitamin D level can be seen during
the winter in Saudi population and low levels in
summer??23, Although sunlight is a well-known
source of vitamin D, approximately 80% of Sau-
dis with type 2 diabetes mellitus (T2DM) were
reported to have low levels of sun exposure®.
Sun exposure among the Saudi population with
type 2 diabetes was also found to be low during
Ramadan®. In addition to the hot weather par-
ticularly during the summer, the consciousness
of the harmful effects of sun exposure, including
ageing and skin cancer, were found as barriers
that limit Saudis’ exposure to the sun®-3%, There-
fore, oral vitamin D supplement may be another
important mean of treating vitamin D deficiency
in Saudi population. Zhang et al*® showed that
long term oral supplementation of vitamin D
can be associated with improvement in insulin
resistance. Further research is needed to assess
whether (i) long term supplementation will be
needed in Saudi population in order to achieve
adequate glycemic control, (ii) whether such
supplementation with vitamin D may lead to
decrease in cardiovascular disease, (iii) whether
geographical location may determine the dura-
tion of vitamin D supplement, and (iv) whether
vitamin D may decrease overall mortality and
complications associated with diabetes.
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In addition, this study found that improving
vitamin D levels was associated with lower TC, TG,
and LDL levels, but higher HDL levels, which are
consistent with previous studies®. In contrast,
previous studies have reported converse results,
increasing vitamin D failed to improve lipid pro-
files*®4!, However, in Sudi population, Alotaibi et
al'® showed that low vitamin D was associated
with high LDL-cholesterol. Importantly, deficiency
was also found to be associated with dyslipid-
emia®®. An umbrella review showed that vitamin D
supplementation could be considered beneficial
adjuvant therapy in managing lipid profile levels,
especially in overweight and obese individuals
with vitamin D deficiency?®*. Further research
is needed to determine whether vitamin D sup-
plementation can be used in the treatment of
dyslipidemia. Despite many studies found that vi-
tamin D in Saudi females was lower than in males
because females were less sun exposure*3, our
study did not see a difference between males and
females in vitamin D level. Importantly, the role
of clinical pharmacists in improving adherence
with vitamin D supplementation in individuals
with type 2 diabetes can be subject for future
studies, especially during Ramadan’***8, It is not
yet clear how vitamin D supplement plays a role
in diabetes control, but there are some explana-
tions of how vitamin D affects glycemic control
in individuals with diabetes. One of these expla-
nations is that the majority of the cells, such as
the pancreatic B-cells, are comprised of vitamin D
receptors, that regulates paracrine and intracrine
functions?®2°, The molecular and pathophysiolog-
ical relationship between Vitamin D and insulin
resistance is complex**°. However, several mech-
anisms may explain this finding:

1) vitamin D increases the expression of insulin
receptors in different parts of the body like
liver, muscles and adipose tissues;

2) low vitamin D leads to an increase in pro-in-
flammatory cytokines, and this may also in-
crease risk of insulin resistance in conditions
regarded as chronic inflammation, such as obe-
sity and fatty liver;

2) vitamin D supplements can decrease leptin
hormone, and this may decrease weight and
inflammation;

4) vitamin D binds directedly to vitamin D recep-
tors and helps pancreatic B-cells in releasing
insulin, or indirect mechanism as vitamin D
increase calcium entry into the B-cells and
release of insulin;

5) polymorphism of vitamin D rectors (4 were ge-
netically identified) are associated with insulin
resistance;

6) vitamin D also helps as antiviral, promotes cell
survival and maintains immunity.

The presence of polymorphism of vitamin D
receptors may explain in part why some studies
showed conflicting outcomes with vitamin D sup-
plements or may necessitate the need for more
research to understand why some individuals, de-
spite normal vitamin D level, still develop diabe-
tes. Han et al®* showed, in a meta-analysis that
included a total of 28 articles based on four gene
variations namely Taql, Bsml, Apal, and Fokl vari-
ants, an association between insulin resistance-re-
lated diseases like metabolic syndrome, fatty liver
and type 2 diabetes and the VDR Apal variant in
Asians and populations who lived in middle-lat-
itude districts. The Bsml (mostly A allele than G
allele) and Tag/ variants (T/C allele) were more
prevalent in dark-pigmented Caucasians. Further-
more, there was no association between the VDR
Fokl variant and insulin resistance-related diseases
in populations with different skin pigments and
in different latitudes®. Therefore, conduction of
large longitudinal prospective studies with genetic
studies in Saudi Arabia may reveal an enhance our
understanding about the relationship of vitamin D
and glucose and lipid metabolism.

Strengths and limitations

This study included the important diabetics bio-
markers (HbAlc and FBG) and many other blood
biomarkers, such as lipid profiles in a group of Sau-
dis with T2DM. A limitation of the study is that the
observed improvements in the investigated vari-
ables may be attributed to lifestyle changes, such
as increased physical activity or dietary modifica-
tions, rather than solely to vitamin D supplementa-
tion. However, the findings would be more robust
and informative if additional clinical information,
such as physical activity, duration of diabetes, pa-
tients’ weight, and sun exposure, had been avail-
able and included in the study. This would have
allowed for an assessment of the potential impact
of these confounding factors. Further large pro-
spective populations studies from different cities
from Saudi Arabia are needed before generaliza-
tion of this result to all population in Saudi Arabia.

CONCLUSIONS

The study supports the previous observations
that vitamin D supplement has potential to im-
prove glycemic control and lipid profile in the
Saudi population. In view of the limitations of
this study, a large prospective population study
with recruitment of participants from different
regions in Saudi Arabia during summer and winter
will provide accurate evidence of the impact of
vitamin D in glycemic control and lipid profile in
the Saudi population.



o .

256 A ALQADIE. ALMODYAN, M.N. ALANAZI, 5.5 ALGHAMDI, M.H. AHMED, S. BADI, A.s. A,LGHI.-_\'I'.VIDI

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study protocol was reviewed and approved by the
research committee in Security Forces Hospital, which is
constituted and functions in accordance with the National
Committee of Bio Ethics (NCBE) in Saudi Arabia, accredi-
tation number (H-01-R-069). Security Forces Hospitals are
known as teaching and research organization and patients
were consented for such purpose and their data will be kept
anonymous. The study was approved by the Institutional
Review Board of the Security Forces Hospital with protocol
number 23-649-13 and the date was [22/6/2023].

AVAILABILITY OF DATA AND MATERIALS
The data sets used and/or analyzed during this study are
available from the corresponding author on request.

CONFLICTS OF INTEREST
The authors declare that they have no competing interests.

ACKNOWLEDGMENTS

The authors thank the information technology team in the
security forces hospital program in Riyadh for their assis-
tance in extracting data from patients’ medical records.

FUNDING
This research received no specific grant from any funding
agency in the public, commercial or not-for- profit sectors.

AUTHORS’ CONTRIBUTIONS

Conceptualization: A. Algadi and M.H. Ahmed. Data col-
lection: E. AlImodyan. Formal analysis: A. Algadi and M.H.
Ahmed. Investigation: A. Algadi, E. AlImodyan, S.S. Alghamdi,
and M.H. Ahmed. Resources: M.N. Alanazi. Data cleaning: E.
Almodyan. Methodology: A. Algadi, S.S. Alghamdi. Writing
original draft preparation: M.N. Alanazi, S.S. Alghamdi, M.H.
Ahmed, S. Badi. Writing—review and editing: M.H. Ahmed,
S. Badi and A.S. Alghamdi. Visualization: E. Almodyan, M.N.
Alanazi. Supervision: A. Algadi and A.S. Alghamdi. All au-
thors have read and agreed to the published version of the
manuscript.

ORCID ID

A. Algadi: 0000-0001-5715-0307

E. Almodyan: 0000-0002-5738-3730
M.N. Alanazi: 0009-0006-9630-6654
S.S. Alghamdi: 0009-0006-4031-6896
M.H. Ahmed: N/A

S. Badi: 0000-0002-7911-6895

A.S. Alghamdi: 0000-0001-8045-6996

REFERENCES

1) International Diabetes Federation. IDF Diabetes Atlas
- Seventh Edition. 8th ed. Brussels, Belgium 2017 (ac-
cessed August 2024).

2) Ahmed M, Ahmed MH. Ramadan Fasting in Individuals
with Metabolic Dysfunction-Associated Steatotic Liver
Disease, Liver Transplant, and Bariatric Surgery: A Nar-
rative Review. J Clin Med 2024; 13: 3893.

3) International Diabetes Federation. IDF Diabetes Atlas.
10th ed. Brussels, Belgium: International Diabetes Fed-
eration; 2021 (accessed December 2024).

4)

5)

6)

7)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Hossain MJ, Al-Mamun M, Islam MR. Diabetes mellitus,
the fastest growing global public health concern: Early
detection should be focused. Health Sci Rep 2024; 7:
e2004.

Jarrar M, Abusalah MAH, Albaker W, Al-Bsheish M,
Alsyouf A, Al-Mugheed K, Issa MR, Alumran A. Preva-
lence of Type 2 Diabetes Mellitus in the General Popu-
lation of Saudi Arabia, 2000-2020: A Systematic Review
and Meta-Analysis of Observational Studies. Saudi J
Med Med Sci 2023; 11: 1-10.

Diabetes Canada Clinical Practice Guidelines Expert
Committee; Punthakee Z, Goldenberg R, Katz P. Defi-
nition, Classification and Diagnosis of Diabetes, Predi-
abetes and Metabolic Syndrome. Can J Diabetes 2018;
42 Suppl 1: $10-515.

Badi S, Suliman SZ, Almahdi R, Aldomah MA, Mar-
zouqg ME, lbrahim EEM, Ahmed M, Ahmed MH,
Elkheir HK, Ibrahim MIM. The Impact of Clinical
Pharmacist Diabetes Education on Medication Ad-
herence in Patients with Type 2 Diabetes Mellitus:
An Interventional Study from Khartoum, Sudan. J
Pers Med 2024; 14: 74.

Harris SS, Dawson-Hughes B. Seasonal changes in
plasma 25-hydroxyvitamin D concentrations of young
American black and white women. Am J Clin Nutr 1998;
67:1232-1236.

Abukanna AMA, Alanazi RFA, Alruwaili FS, Alayyashi
AZM, Alanzi F. Vitamin D Deficiency as a Risk Factor for
Diabetes and Poor Glycemic Control in Saudi Arabia: A
Systematic Review. Cureus 2023, 15: e48577.

Zhang Y, Xue Y, Zhang D, Liu Y, Xu Z, Gao J, Li W, Li X.
Effect of Vitamin D Supplementation on Glycemic Con-
trol in Prediabetes: A Meta-Analysis. Nutrients 2021:
13: 4464.

Dadon Y, Hecht Sagie L, Mimouni FB, Arad I, Mend-
lovic J. Vitamin D and Insulin-Dependent Diabetes: A
Systematic Review of Clinical Trials. Nutrients 2024; 16:
1042.

Albai O, Braha A, Timar B, Golu |, Timar R. Vitamin D-A
New Therapeutic Target in the Management of Type 2
Diabetes Patients. J Clin Med 2024; 13: 1390.

Gao J, Song X, Ou H, Cheng X, Zhang L, Liu C, Dong Y,
Wang X. The association between vitamin D and the
progression of diabetic nephropathy: insights into po-
tential mechanisms. Front Med (Lausanne) 2024: 11:
1388074.

Heydarzadeh F, Mohammadi F, Yadegar A, Mohamma-
di Naeini A, Nabipoorashrafi SA, Rabizadeh S, Estegha-
mati A, Nakhjavani M. Increased high-density lipopro-
tein cholesterol in patients with type 2 diabetes and
its correlates: a cross-sectional, matched case-control
survey. Eur J Med Res 2024; 29: 355.

Alfagih MA, Ababneh E, Mhedat K, Allouh MZ. Vitamin
D Reduces the Activity of Adenosine Deaminase and
Oxidative Stress in Patients with Type Two Diabetes
Mellitus. Mol Nutr Food Res 2024; 68: e2300870.
Ighrammullah M, Gusti N, Andika FF, Abdullah A. As-
sociation of serum vitamin D and the risk of cardiovas-
cular diseases among diabetic patients: A systematic
review and meta-analysis. Clin Nutr ESPEN 2024; 62:
66-75.

Daley DK, Myrie SB. Diabetes and vitamin D: The ef-
fect of insulin sensitivity and gut microbial health. Adv
Food Nutr Res 2024; 109: 160-184.

Alotaibi AB, M ELnasieh A, Alduraibi K. The Correlation
Between Vitamin D Levels and the Glycemic Marker
HbA1lc and Lipid Profile in Patients With Type 2 Dia-
betes Mellitus: A Study at the King Saud Medical City,
Riyadh. Cureus 2024; 16: e57927.



257 VITAMIN D AND GLYCEMIC AND LIPID CONTROL .

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

Lu Q, Liang Q, Xi Y. The effects of vitamin D supple-
mentation on serum lipid profiles in people with type
2 diabetes: a systematic review and meta-analysis
of randomized controlled trials. Front Nutr 2024; 11:
1419747.

Radkhah N, Zarezadeh M, Jamilian P, Ostadrahimi A.
The Effect of Vitamin D Supplementation on Lipid Pro-
files: an Umbrella Review of Meta-Analyses. Adv Nutr
2023; 14: 1479-1498.

Huang X, Yang Y, Jiang Y, Zhou Z, Zhang J. Association
between vitamin D deficiency and lipid profiles in over-
weight and obese adults: a systematic review and me-
ta-analysis. BMC Public Health 2023; 23: 1653.
Al-Daghri NM. Vitamin D in Saudi Arabia: Preva-
lence,distribution and disease associations. J Steroid
Biochem Mol Biol 2018; 175: 102-107.

Al-Daghri NM, Al-Attas OS, Alokail MS, Alkharfy KM,
El-Kholie E, Yousef M, Al-Othman A, Al-Saleh Y, Sabico
S, Kumar S, Chrousos GP. Increased vitamin D supple-
mentation recommended during summer season in the
gulf region: a counterintuitive seasonal effect in vitamin
D levels in adult, overweight and obese Middle Eastern
residents. Clin Endocrinol (Oxf) 2012; 76: 346-350.
Baynest HW. Classification, Pathophysiology, Diagnosis
and Management of Diabetes Mellitus. Journal of Dia-
betes & Metabolism 2015; 6.

World Health Organization (WHO). BMI Classification:
WHO; 2024. Available from: http://apps.who.int/bmi/
index.jsp. (accessed August 2024)

American Diabetes Association. 6. Glycemic Targets:
Standards of Medical Care in Diabetes-2019. Diabetes
Care 2019; 42: S61-S70

American Diabetes Association. 2. Classification and
Diagnosis of Diabetes: Standards of Medical Care in Di-
abetes-2019. Diabetes Care 2019; 42: S13-528.
Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vitamin
D and diabetes. Diabetologia 2005; 48: 1247-57.

Harris S, Pittas A, Palermo N. A randomized, place-
bo-controlled trial of vitamin D supplementation to
improve glycaemia in overweight and obese African
Americans. Diabetes Obes Metab 2012;14: 789-794.
Al-Shoumer KA, Al-Essa TM. Is there a relationship be-
tween vitamin D with insulin resistance and diabetes
mellitus? World J Diabetes 2015; 6: 1057-1064.

Atia T, Abdelzaher MH, Nassar SA, Gafar HH, Husseini
MAM, Kaabi AMY, Sakr HI. Investigating the relation-
ship between vitamin-D deficiency and glycemia sta-
tus and lipid profile in nondiabetics and prediabetics
in Saudi population. Medicine (Baltimore) 2023; 102:
e36322.

Hewison M. An update on vitamin D and human immu-
nity. Clinical endocrinology. 2012;76:315-25.

Chagas CEA, Borges MC, Martini LA, Rogero MM. Fo-
cus on vitamin D, inflammation and type 2 diabetes.
Nutrients 2012; 4: 52-67.

AlQuaiz AM, Kazi A, Youssef RM, Alshehri N, Alduraywish
SA. Association between standardized vitamin 25(0H)D
and dyslipidemia: a community-based study in Riyadh,
Saudi Arabia. Environ Health Prev Med 2020; 25: 4.
Mogahed MM. Vitamin D status in patients with type-2
diabetes mellitus in Riyadh City, Saudi Arabia. Kasr Al
Ainy Medical Journal 2018; 24: 19.

Alghamdi AS. Impact of Ramadan fasting on a Saudi
population with type 2 diabetes mellitus. UK: De Mont-
fort University; 2020.

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

Kolb H, Martin S. Environmental/lifestyle factors in the
pathogenesis and prevention of type 2 diabetes. BMC
Med 2017; 15: 131.

Alsuwadia AO, Farag YM, Al Sayyari AA, Mousa DH,
Alhejaili FF, Al-Harbi AS, Housawi AA, Mittal BV, Singh
AK. Prevalence of vitamin D deficiency in Saudi adults.
Saudi Medical Journal 2013; 34: 814-818.

Wang, Si§, LiuJ, Wang Z, Jia H, Feng K, Sun L, Song SJ.
The Associations of Serum Lipids with Vitamin D Sta-
tus. PLoS One 2016; 11: e0165157.

Ponda MP, Huang X, Odeh MA, Breslow JL, Kaufman
HW. Vitamin D may not improve lipid levels: a serial
clinical laboratory data study. Circulation 2012; 126:
270-277.

AlAnouti F, Abboud M, Papandreou D, Mahboub N,
Haidar S, Rizk R. Effects of vitamin D supplementation
on lipid profile in adults with the metabolic syndrome:
a systematic review and meta-analysis of randomized
controlled trials. Nutrients 2020; 12: 3352.

Al-Mogbel ES. Vitamin D status among Adult Saudi Fe-
males visiting Primary Health Care Clinics. Int J Health
Sci (Qassim) 2012; 6: 116-126.

Alharbi AA, Alharbi MA, Aljafen AS, Aljuhani AM, Al-
marshad Al, Alomair IA, Alfalah MA. Gender-specific
differences in the awareness and intake of Vitamin D
among adult population in Qassim Region. J Family
Community Med 2018: 25: 148-154.

Badi S, Abdalla A, Altayeb L, Noma M, Ahmed MH. Ad-
herence to Antidiabetic Medications Among Sudanese
Individuals With Type 2 Diabetes Mellitus: A Cross-Sec-
tional Survey. J Patient Exp 2020; 7: 163-168.
Abdelaziz TA, Abdulraheem MA, Badi SA, Badawi Ml,
Saeed AO, Elobied MA, Ahmed MH. Knowledge, atti-
tude and practice of Sudanese pharmacist with re-
gard to management of diabetes during Ramadan: A
cross-sectional survey. Diabetes Metab Syndr 2019;
13:122-126.

Ahmed M, Badi S, Elidrisi A, Husain NE, Zainudin SB,
Mahmood A, Abubaker NE, Alghamdi AS, Ahmed MH.
Safety and effectiveness of newer antidiabetic medica-
tions during Ramadan fasting and safety of Ramadan
fasting after bariatric surgery. J Diabetes Metab Disord
2022; 21: 1991-2004.

Noor SK, Alutol MT, FadAllah FSA, Ahmed AA, Osman
SA, Badi S, Fathelrahman Al, Ahmed M, Ahmed MH.
Risk factors associated with fasting during Ramadan
among individuals with diabetes according to IDF-
DAR risk score in Atbara city, Sudan: Cross-sectional
hospital-based study. Diabetes Metab Syndr 2023; 17:
102743.

Ahmed MH, Husain NE, Elmadhoun WM, Noor SK,
Khalil AA, Almobarak AO. Diabetes and Ramadan: A
concise and practical update. J Family Med Prim Care
2017; 6: 11-18.

49. Argano C, Mirarchi L, Amodeo S, Orlando V, Torres A,

50)

51)

Corrao S. The Role of Vitamin D and Its Molecular
Bases in Insulin Resistance, Diabetes, Metabolic Syn-
drome, and Cardiovascular Disease: State of the Art.
Int J Mol Sci 2023; 24: 15485.

Albai O, Braha A, Timar B, Golu |, Timar R. Vitamin D-A
New Therapeutic Target in the Management of Type 2
Diabetes Patients. J Clin Med 2024; 13: 1390.

Han FF, Lv YL, Gong LL, Liu H, Wan ZR, Liu LH. VDR Gene
variation and insulin resistance related diseases. Lipids
Health Dis 2017; 16: 157.



